Abstract-With the increasing complexity of memory devices, fault diagnosis is becoming as important as fault detection. Fault diagnosis is to locate and identify type of fault. One of the memory faults is Neighborhood Pattern Sensitive Faults (NPSF) which is one of the faults that are hard to test due to higher number of cells to be tested at one time. To improve the process of analyzing NPSF detection and to generate the fault syndrome for NPSF diagnosis, an Automated NPSF Syndrome Generator (ANPSFSG) is developed. A proven March algorithms are used in this generator to verify the efficiency of this generator by producing the fault coverage and diagnostic resolution. A userfriendly Graphical User Interface (GUI) of ANPSFSG is also developed by using Microsoft Visual Basic software to load the algorithm under test and display the results.
I. INTRODUCTION
The new trend of system-on-chip (SoC) technology indicates memory as the main component occupying major area of the system [1] . SoC designs contain increasing number and variety of embedded memories such as random access memory (RAM), read only memory (ROM) and registers file memories. As a result, more faults are likely to occur hence intensify the importance of efficient memory testing. Furthermore, the increasing size of the memory chip also results in the testing of more memory bits. This will indirectly increase the manufacturing testing time and manufacturing cost as well as dropping yield because of the more complicated manufacturing process [2, 3, 4] . Therefore, the need for optimum testing during memory development phase is extremely critical.
Memory testing is divided into two main categories which are electrical testing and functional testing. The parametric testing under the electrical testing categories is on voltage, current and frequency. To ensure a good memory device produced during manufacturing time this testing method need to be applied. In functional testing, a memory is treated as a gray box and the test pattern will be used for fault detection [2] . The generation of test pattern is done by writing and reading of each memory cell thus with the large size of memory device, the writing and reading require more time. An effective test is a test that detects high fault coverage with less test pattern [5] . The test patterns which represent the fault types will be generated for the use of Automatic Test Equipment (ATE) or Built-In-Self-Test (BIST).
Effective test algorithms contribute to the reduction and minimization of testing time. March algorithms are the most used algorithms during memory testing [3] . This is due to their linearity, less complexity and high fault coverage compared to the traditional testing algorithms such as Checkerboard, GALPAT, Walking 1/0, Sliding diagonal and Butterfly [6] . Unlike March test, the traditional testing approaches are not based on functional fault model. In March based algorithms, improvement can be done easily with functional fault model. . The detection of these faults has been proposed such as in [7] using MT-R4CF algorithm.
March algorithms that have been incorporated with diagnostic capability can ease the process of debugging failures by identifying the fault type and fault location in memory cell array. Diagnostic capability is becoming a major concern with the rapid development of semiconductor memories since it can improve the manufacturing yield by reducing the number of faulty memory device and testing time. Fault diagnosis procedure is done by distinguishing detected fault using fault syndromes concept. A good diagnostic algorithm should be able to distinguish all the detected faults. In this paper the term "fault syndrome" will be used to represent the set of read position. Good diagnostic resolution relies on the fault syndromes that represent each detected fault.
Although work on March diagnosis algorithm has been proposed on faults such as SAF and CF [8] , work on NPSF has only been reported in [6, 9] . Many existing memory test ICSE2012 Proc. 2012, Kuala Lumpur, Malaysia algorithms have not been investigated for their capability to detect and diagnose NPSF. New test algorithms may also require NPSF detection and diagnosis. Since NPSF involves multiple cells, the analysis is complex and thus, manual fault analysis is no longer practical. To improve the process of analyzing NPSF detection and to generate the fault syndrome for NPSF diagnosis, an Automated NPSF Syndrome Generator (ANPSFSG) is developed as discussed in the next section.
II. METHODOLOGY
The process of developing this tool is shown in Fig. 1 . Suitable March algorithms were selected based on their capability to detect and diagnose NPSF. The algorithms are March 17N, March 12N, MarchPS 23N and March 160N. A set of procedures were applied to analyse the faults and to generate the NPSF database. An ANPSFSG tool is then developed by using the Visual Basic (VB) software with entire Graphical User Interface (GUI) element. The database will be used by ANPSFSG tool for producing the fault coverage and diagnostic resolution. The efficiency results produced by the tool will be compared with the known results to validate the tool. The details of each step in Figure 1 are discussed in the following subsections. 
A. Database Development
The development of database is derived from the manual analysis detection and diagnosis procedure of March operation sequence as explained in [10] . In the database, the detail fault types to be detected by each element will be recorded. Since the ANPSF requires multiple data background to get 100% fault coverage, the data background will also be included in the database as discussed in [11, 12] . The final compilation of database will be converted into Microsoft Access. The database is the main element in this ANPSFSG tool, where the results of the fault analysis were applied. This database mainly describes the fault detected by all possible sub march and identifies which read operation detected the fault. The development of the database is described in the procedure in Fig. 2 . The generated database is stored in Microsoft Access and is as shown in Fig. 3 . Figure 4 presents the overall architecture of ANPSFSG. This Object Oriented generator will read the two main inputs from the user. The user needs to load the March element that needs to be tested and then choose the data background that is required for the testing. The tool will search through the database according to the loaded March element and selected data background. The process will generate a list of entire possible march elements together with the fault coverage in the form of "RTable". A Fault Syndrome table will list the total fault coverage together with fault syndrome for each of the fault. The core algorithm for the ANPSFSG is shown in Fig. 5 . User-friendly clickable icons were designed for users to display the Fault Syndrome table and to calculate the diagnostic resolution. 
C. Validation of ANPSFSG
In order to validate the effectiveness of the developed ANPSFSG, March 17N is used as a benchmark to ensure that the fault coverage and the fault diagnostic generated by the tools agree with the results of the same algorithms in [6] . After the tool has been verified for detection and diagnostic of NPSF using this March 17N, the database is expanded to cover the detection and diagnostic of March 12N and MarchPS 23N. Fig.  7 illustrates the Graphical User Interface (GUI) of the tool where desired March algorithms and data backgrounds can be inserted as inputs. After executed the program, the fault coverage and the diagnostic resolution can be displayed as outputs as shown in Fig. 8 . 
IV. RESULTS AND DISCUSSION
The effectiveness of the ANPSFSG tool to detect and diagnose NPSF by using selected March algorithm are summarized and compared with RAMSES tool as shown in Table I [13, 14] . Using manual analysis, one fault type can be detected by different elements of the algorithms hence a single fault can have redundant fault syndrome. Using the ANPSFSG, the redundancy is eliminated and the detection of elements for a single fault is compiled such that a single fault syndrome representing the entire elements that can detect the single fault is produced. In terms of fault coverage, March 12N, March 17N and March 160N has 100% fault coverage for NPSF detection. However, from these three algorithms, March 12N has shorter test length hence makes it more ideal and suitable for NPSF detection. For the diagnose of NPSF, March 17N has higher diagnostic resolution compared to March 12N which is at 83.9% compared to March 12N at only 60.4% as shown in Table I [14, 15] .
